METHOD AND APPARATUS FOR 
INSTRUMENTAL ANALYSIS IN REMOTE LOCATIONS 


FIELD OF THE INVENTION 

The present invention relates to a method and apparatus for measuring and 
controlling the efficacy of cathodlc protection, end more particular it relates to a method 
and apparatus for measuring and controlling parameters and/or to improve the efficacy 
of cethodlc protection at a metal surface disposed in a remote location where visual 
Inspection of the metal structure is rendered difficult. 

BACKGROUND, OF T H E INVENTION 

Metal structures immersed in aqueous electrolytic environments are susceptible 
to corrosion. Corrosion occurs when the current discharges from the metal surface into 
the electrolyte, thereby creating anodic areas. Cethodlc protection is applied to the 
metal structure with a view to forcing the entire structure surface exposed to the 
electrolyte to collect protective current. When this environmental condition has been 
attained, the structure's entire exposed surface becomes cathodic, and corrosion may 
be sufficiently mitigated, controlled, or prevented. The structure's surface can be made 
a cathode by means of an externally impressed direct current and/or en attachment to 
sacrificial anodes. Th* effectiveness of such cathodic protection can be assessed by 
measuring the potential of the structure relative to a reference electrode. However, 
such measurements do not provide an accurate indication of the degree of cathodic 
protection in a remote or concealed area, such as within a crevice. 

The term cathodic protection refers to a process whereby polarized alkaline film 
at the metal surface Is produced by a current density. The quality of this film can be 
determined by, for instance, measuring its pH value, capacitance, conductance, and 
polarized potential across the film. However, the protective current density maintaining 
the polarized surface alkalinity varies significantly with kinetic stress and energy 
including, temperature, pressure, and motion. The efficacy of the process is determined 
by the current density required to maintain the polarized level of protection, and /or the 
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In a broad aspect, the present invention provides a method of controlling 
cathodic protection being applied to a metal structure having a surface disposed 
in an electrolytic environment comprising electrically connecting a metal coupon 
to the surface of the metal structure, positioning the metal coupon at a 
predetermined position relative to the surface of the metal structure and wrthm 
the electrolytic environment, applying a cathodic protection agent to the surface 
of the metal structure to effect cathodic protection of the surface of the metal 
structure, measuring a cathodic pmtection indication proximate to the metal 
coupon, comparing the cathodic protection indication with a predetermined value, 
and adjusting the cathodic protection agent being applied to the surface of the 
metal structure In response to the comparison. 

For example, the cathodic protection agent can be an electric current or a 
chemical composition, in one aspect the chemical composition has a tendency 
to effect alkaline conditions at the surface of tee metal structure. 
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in one aspect, the means for measuring the efficacy of the cathodic protection 
includes a means for simulating the cathodic protection of e crevice of the metal 
structure. 

in yet another asped. the means for measuring the efficacy of the cathodic 
protection further includes a means for sensing a cathodic protection indication of the 
means for simulating. 

In a further aspect, the means for simulating comprises a metal coupon. 

In yet a further aspect, a metal coupon defines a simulated crevice. 

in another aspect, the metal coupon includes first and second opposing flanges 
joined by a web. such that the simulated crevice is defined by the space between the 
first and second flanges. 

in a further aspect, the coupon is electrically coupled to the metal structure. 

,n a further aspect, the means for sensing senses the cathodic protection 
indication in the crevice. 
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surface submerged in an aqueous solution. 

In a further broad aspect, the present invention provides a system for measuring 
a characteristic of a metallic Structure disposed in an electrolytic environment 
comprising means for sensing the characteristic of the metal structure, and a passage 
for receiving movement of the means for sensing to effect positioning of the means for 
sensing at a predetermined position relative to the metal structure. 

In one aspect, the means for sensing senses an electric potential of the mete! 
structure, 

in yet another broad aspect, the present Invention provides a system for 
mitigating stray current discharging to or being discharged from a metal structure 
disposed in an electrolytic environment comprising: a means for predetermining i a 
tocation of stray current discharge, a means for mitigating stray current discharge, and * 
passage for receiving movement of the means for mitigating to effect posting of the 
means for mitigaling at the predetermined location. 

bpipP nP$ pRIPTION JSF the DRAWINGS 

The method and apparatus of the invention will now be described with reference 
to the accompanying drawings, in wfclch: 
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structure; 

Figure 4 a schematic illustration of an embodiment of a system of the present 
invention; 

Figure 5 ia an enlarged vie* of a section of the embodiment of the system 
iHustreted in Ffcure 4, showing two metal coupons deposed for travel in a condu* for 
measuring the effectiveness of cathodic protection of a metal structure proximate to the 
conduit; 

Figure 6 is an electrical schematic illustration of a further embodiment of the 
^tem of the present invention, wherein the apparatus illustrated in Figure 1 .3 
configured to control the output of a protective current source; 

Figure 7 is a flow chart Illustrating a method of controlling cathodic protection In 
accordance with an embodiment of the present invention; and 

Figure 8 is a schematic Action of another embodiment of a system of the 
present Invention; and 

Figure 9 Is a schematic illustration of another embodiment of a system of the 
present invention. 
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Referring to Figures 1 and 2, the present invention provides an apparatus 10 for 
measuring the efficacy of cathodic protection process at a surface of a metal structure 
64 disposed in a location where visual Inspection of the metal structure 64 is rendered 
difficult The apparatus is useful for measuring and controlling the efficacy of cathodic 
protection at an internal surface of metal containments or, for example, at an 
underground or submerged metal structure 64. where such metal surfaces arc exposed 
to an electmlytic environment. 

The apparatus 10 Includes a metal coupon 16 which is protected in a similar 
manner to the metal structure 64 in order to simulate the cathodic protection of the 
metal structure 64. A pH/temperature reference electrode 14, end potential sensing 
reference electrodes 36, 46 are provided to sense an indication of cathodic protection of 
the metal coupon 16 and, therefore, indirectly, within the protective film at the surface of 
the metal structure 64. 

The coupon 16 is electrically connected to the metal structure 64 by insulated 
conductor 102 so as to enjoy relatively the same degree of cathodic protection as the 
metal structure 64. In this respect, the degree of cathodic protection imparted to the 
metal structure 64 is simulated by the coupon 16. The coupon 16 Is a single metal strip 
which is folded over onto Itself to form a reverse bend defined by a web 18 joining 
opposing first and second flanges 20, 22. A simulated crevice 24 is defined by the 
space between the first and second flanges 20, 22. The space between the first and 
second flanges Is up to about 1mm between the high points of the opposing flanges. 
The simulated crevice may be In different forms depending on the application, and (s not 
necessarily required to adopt the configuration illustrated in Figures 1 or 2. 

The crevice 24 is configured to approximate the geometry of a crevice such as 
within the interstices in the metal structure 64. In this resped, electrochemical 
conditions within the crevice 24 simulate those present in the crevice of the metal 
structure 64, when the coupon 16 Is disposed in an electrolytic environment common to 
that which the structure 64 is being exposed to. Crevices initially begin as corrosion 
pits. Depending on the metal, environment, experimental and kinetic (electrical, 
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,„ one embodiment, a first potential sensing reference electrode 36 is provided 
to give an indication of electric potential in the area of concern in the crevice 24. A 
conductor 42 extends from the first potential sensing reference 
etectnea. connection to euitabie potent*, record** equipment 44. Preferably, the «* 
po^ei sensing reference electrode 36 is deposed within the most act** area , 

ofectrod* 36 is in ionic contact with the electrolytic environment through a membrane 
46. 

As a further modification, a second potential sensing reference **« > « * 
p^ded to give an Indication erf electric potential of the mete, coupon 16 ^-J 
L crevice 24. in this respect, unliKe the first potential sensing reference electee 36, 


the second potential sensing reference electrode 48 is disposed outside of the crev.ce 
24 of the metal coupon 16, but proximate to the metal coupon 16. The second potential 
sensing elentrode 48 is in ionic contact with the surrounding electrolytic environment 
through a membrane 46. A conductor 64 extends the second potential sensing 
reference electrode 48, for electrical connection to suitable potential recording 
equipment 56. 

Each of the electrodes 14, 36, 48 are positioned as close to coupon 16 surface 
as possible. Whereas most of the voltage drop in the ionic circuit between the anode 
and cathode occurs within the protective film on the cathode surface, the closer the 
reference electrodes 14, 30, 48 can be to the cathode surface (the coupon 16 surface) 
the more representative will be the measurements of potential end alkalinity and 
temperature of a polarized surface. 

Each of the first 36 and second 48 potential sensing reference electrodes may 
include one of many typical sensing electrodes known in the art, such as the following: 
sliver / silver chloride reference electrodes, calomel reference electrodes, copper / 
copper sulphate reference dectrodes, redox potential reference electrodes, and very 
high purity zinc reference electrodes. 

To facilitate movement of the apparatus 10 to the desired location for 
measurement and control of the efficacy of cathodlc protection being applied at the 
metal surface of structure 64, and the metal coupon 16 including reference electrodes 
14, 36, 48 integrated in a singular housing 12. The metal coupon 16 is coupled to and 
disposed externally erf the housing 12. The reference electrodes 14 f 36. 48 are 
disposed within the housing 12 and extend externally of the housing 12 by penetrating 
the external surface of the housing 12. The conductors 30, 42 3 54 combine within the 
housing 12 into a wiring harness 60 via a suitable conductor harness connector 61 
dispoaed within the housing. The conductor harness 60 penetrates the external surface 
of the housing 12 for connection to the recording equipment 32, 44, 56. 


Referring to Figures 3 and 5, the apparatus 10 is used in a system 62 to measure 
the efficacy of oorrosion protection at a surface of a metal structure 84. the structure 64 


by being disposed in an environment rendering visual inspection difficult An example 
of such a metal structure 64 id an underground pipeline. Cathodic protection of a 
corroding surface of the metal structure 64 can be accomplished by coupling the 
negative terminal of a voltage and current source to the metal structure 64. An auxiliary 
anode is electrically coupled to the positive voltage terminal of the voltage and current 
source to impress DC electrical current from the auxiliary anode to the targeted surface 
of the metal structure 84 and returning it to its source. The current Is impressed until 
the entire surface of the metal structure 64 polarizes to delete all anodic areas, thereby 
preventing electrical current from transferring between different surface areas of the 
metal structure 64. Ideally, effective cathodic protection means the metal structure 
should not corrode so long as the external current Is maintained because species 
produced by the oxygen reduction process travel in one direction through the electrolytic 
environment toward the cathode (I.e. the metal structure surface being protected), 
whereas species which promote corrosion, and have a tendency to be oxidized travel 
toward the anode. 

It is to be understood that other means for applying cathodic protection ere 
available, including means for producing galvanic current by coupling a sacrificial anode 
to the metal structure 64 to be protected in the subject electrolytic environment (a 
sacrtfidal anode could be any metal that is less noble than the metal to be protected, 
i.e. magnesium Is a sacrificial anode for steel whereas steel is a sacrificial anode tor 
copper also the same metal immersed in different environments can be sacrificial to 
itself i.e. steel in soil is anodic to steel in concrete). 

To measure the efficacy of a cathodic protection process at a metal structure 64, 
one embodiment of the present Invention provides a system 62 comprising a 
cathodically protected metal structure 64, an anode or anodes 66 t any one of the 
above-described embodiments of the apparatus 10, and one or both of pH recording 
equipment 32 and potential recording equipment 44 and 56. As h farther modification, a 
voltage and current source (cathodic protection rectifier) 68 may be additionally 
provided to effect DC current The metal structure 64 is electrically coupled to the 
negative terminal of the potential recording equipment 44, 56 and to the negative 
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The P H reference electrode 14 measures the alkalinity of the film formed 
prDxim a te the metal coupon 16 and. in one embodiment, in the crevice 24 of the metal 
coupon 16. Such alkaline film forms on the surface of these areas upon impressing 
dielectric* current on the metal coupon 16. The pH value of the W of the 
film reflects the level of cathodic protection effectiveness at the surface of the metal 
coupon 16. in turn, this Is an Indicator of the level of cathodic protection of the metal 
structure 64, as the metal structure 64 Is electrically connected to the metal coupon 16 
and, therefor, enjoys substantially the same degree of cathodic protection. 

Each of the first end second potential sensing reference electrodes 36, 48 

electrolyte. The first potential sensing reference electrode 36 measures electnc 
potent*, within the metal coupon crevice 24. The second potential sensing referee 
eLode 48 measures electric potential proximate the metal coupon 16 but outs.de of 
the crevice 24. Each of these electric potential measurements provide a secondary 
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indication of the effect* new of eathodlc protection applied at both the metal coupon 
16 and the metal structure 64. 

Referring to Figures 4 and 5, in another embodiment, a system 62 is provided 
having an elongated, perforated, non-metallic conduit 72 which extends across and 
proximate to various regions on the surface 70 of the metal structure 64. The conduit 
72 can be comprised of materials such as polyvinyl chloride. The perforations 73 can 
be replaced by a membrane or a poroue plastic strip moulded into the conduit 72. 

The conduit 72 is Intended to provide a means for the apparatus 10 to travel from 
an accessible location to a remote location such as a soli elecfrolyte where pH and 
electric potential measurements are required, and specifically proximate to various 
regions on the surface 70 of a metal structure 64 disposed in a soil electrolyte. The 
Closer the apparatus 10 Is to the structure 64, the more representative are the 
measurements. Locating the apparatus 10 in dose proximity to the structure 64 allows 
the apparatus 10 to more closely approximate the conditions of the structure 64 
wherever the apparatus 10 may be positioned. The proximity of the apparatus 10 to the 
metal structure 64, ia limited by the physical geometry of the conduit 72, such as the 
wall thickness. The conduit 72 can be disposed directly 8bove, or beside, or below, or at 
any point along the surface of the structure 64, and includes a conduit 72 alongside the 
surface of the structure 64 (such as spirally wrapped around a pipeline of supporting 
legs on an offshore platform). 

To realize this deliberate ortentation relative to the surface 70 of the metal 
Structure 64, and with reference to an embodiment where the metal structure being 
protected is disposed in a sub-surface soil environment, a section 74 of the conduit 72 
Is provided underground proximate to the metal structure 64. This underground section 
72 joins a first 76 and a second section 78, each of which extends from the ground 
surface 60 and are open to the surface 80 at respective first and second ends 62, 64. 
The apparatus 10 is pulled through from the first end 82 to the second end 84 by a rope 
or cable 86 or other similar device from the second end 84. A reel 88 with slip ring hub 
is provided proximate to the first end to cany the multiconductor and wiring harness 60 
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The apparatus 10 would also facilitate measuring variations of the current- 
applied potential near the adjacent primary structure, and to synchronously compare 
with re.atlvely minor variations of the currenWnterrupted or polarized potential of the 
coupon surface without necessarily interrupting ail sources) of protectee current 
providing cathodic pretectal at the surface of the metal structure 64. 

The apparatus 10 may be equipped with various other types of reference 
electrodes, either positioned external to the metal coupon to sense the direction of 
current flow (i.e., correct* toward., or conversely away from the surface of the pnmary 
structure), and/or by spacing sets of coupons with paired electrodes apart to detect 
areas provided with less effective protective film or cathodir. protection . 

Measurement of the current returned from the coupon 16 to the metal structure 
64 can be used to assess the conductance of the coating on the metal structure 64 
and/or the protective film at accessible locations relative to a second coupor .and *e 
availability of ample protective current density at all points throughout the length of the 
perforated conduit 72. 
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The apparatus 10 does not necessarily require a rope R6 for mobility, such as 
where the apparatus can be self-prope.led by an on-board drive mechanism. Also, a 
muUKonductor harness * also not necessary where data couki be communicated 
wireless*. In such cases, a single metallic contact must be ma.rrta.ned between the 
structure 64 and the coupon 16 In such cases. In other cases, the conduit 72 may not 
be required, such as when, the electrolytic environment from which the structure ■ • 
ft*, protected, although rendering visual inspection dtt*. still maKes 1 ptfM » 
.obiiity of *a apparatus 10. An example of this case is where the **«to 
environment is an aqueous Su« v*thin a container such as a tanK or «he r « 
containment Structure (such as piping), and the structure 64 is the fluid foment 
structure, 
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predetermined fcrmula or provided for by the reference electrode manufacturer and 
included in the PLC program. 

The PLC pmgrem then compares the temperature corrected pH/potential data 
from within the crevice with the user selected pH/potential limits/targets and sends an 
output signal (analog or digital depending on the current controller) to a current 
controller for the DC current source to either maintain, increase or decrease the present 
current output based on a preprogrammed algorithm. Prior to sending a signal a 
comparison is made by the PLC of the present temperature corrected signals indicating 
the current-applied potential exterior to the coupon with the limits pre-seleeted by the 
user. Should thte potential be outside of the limits, the PLC will instead signal the 
current controller to either increase or decrease the current output based on a separate 
algorithm until the current-applied potential is within the pre-selected limits. 

In another embodiment, instead of controlling the current-applied potential to 
indirectly control the efficacy of cathodic protection, in cases whem cathodic protection 
Is effected ("effected" Is understood as inducing a partial contribution to the overall 
cathodic protection of the metal structure fi4) by chemical treatment, such as by the 
method disclosed in U.S. Patent No. 5,174,871 which is herein Incorporated by 
reference, the PLC 103 can respond to data sourced from the coupon 16 by adjusting 
the degree of chemical treatment Some burled metal structures cannot be properly 
cathodically protected from corrosion, for example, where the surfaces of such buried 
structures are buried In sand and similar granular backfills, their aerated topside 
surfaces often require about 25 times the protective current density of their anaerobic 
bottoms. As a result of oxygen diffusion where protective coatings have failed or do not 
exist, it is often proven difficult or not feasible to prevent corrosion of bare and poorly 
coated tanks by applying cathodic protection with either galvanic and/or impressed 
current uniformly over entire metallic surfaces, it has been found that the chemical de- 
aeratton of the backfill in which the metal structures are buried, by adding to the backfill, 
an electrically conductive composition containing calcium, magnesium and/or silicate 
compounds for producing an alkaline pH to precipitate in-situ carbonate coatings or 
"concretions" on the metallic surface, with concurrent depletion of oxygen, facilitates 
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OT care *, P» btbe. Ttre reWure P eta«.> * P— ■» 
HMT ««** su^ndin, *GMy» cr, in »• casa of • ~*d 

ft. Tba ^re ~ - — - 

£T n*a» b. oo*reaa» «■*•"- * 

deplete the alkalinity. 

£ZL caw, pre— - — 3 

««re* p-**n MM » » — — * — """~J£I ^ 
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water environment and/or m process equ P 

• « nthar safe and cost-effective applications. The 

™ rrJiric.T^ - — «*- - 

economic mtegrtty roaurfenence «• sp ^ty-ftve years. 

(ab out 1 m distant) failed to maintain effective cathod, protection ue to decrea^g 
of protect current upon appma*ing consume andfcr M ^ 
jessed current density from external remote anode sou.es ^ 
H Advert effec* indude overprotection «n d undeletion and/or resulted * 
^pressed DC stray current interferences at foreign pipelines and other met* 
stores sharing the soil or water environment. Likewise, fore»gn DC ^pressed 
current interferences at planes and metallic structures must be mrtigated, partfcuiariy 
those sourced from dynamic movements in foreign DC traction systems. 

Heretofore, deterrents to locating impressed current anodes in proximity to the 
structure interface included the danger of coating disbondment and/or hydrogen 
embritttement by over-protection and by the production of corrosive gases <..e., carbnn 
dioxide and sulphur dioxide in soils and chtorine. in seawater) and acid*. wh.ch tended 
to increase the loss of protective coating and, tbus, lncrea.se maintenance > costs and 
decrease the efficacy of cathodic protection. Instead, through Utilization of ft. oonft* 
to impress protective current without adverse effects proximate to the interface, the 
pipeline life expectancy may be doubled or extended indefinitely. 

,„ ooe embodiment, to rugate or to obviate or prevent aging effects, the 
impre86eo cur^t SO urced from an anode immersed within potassium and sod- 
hy Lde in laofcted plastic attainment can be quipped w«h a 
rlprane and/or a porous membrane, or an Interna, pipe membrane cental a 
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• : . anode can be inserted proximate to the interface 
number of anoaea or a congous anode can be 

v^hm the sensor conduit 

p ip elines in a man* Mitigation Bonds 

..,»w n r <strav currents are descnbed m R. M- owc » w 

Short Course. West Virginia University: 

-Grounded DC power systems are found in tro.ley lines, mining cars and 
equipment, cathodic protection systems, etc.. in a grounded DC system 
the load is also grounded. The current returning from the load to the 
negative terminal of the generator now has two arable paths. One path 
* through the negative return cable and the other path is through the 
ground. The Pipeline offers another parallel path for the current retum.nO 
to the generator. The section of the pipeline that is picWng up current wll 
tend to be cathodlcally protected. wh«e the section losing the current 
through the earth to the generator 1 corrode. On well-coated W 
the major portion of this current is lost at holtoays in 
concentrating the current ices and the metal loss area wh.ch couid cause 
more rapid penetration of the pipeline." 

Short Course. West Virginia University, 1998: 
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the co^ m waa on*"* - ^ ^ on ^ 


.8 pounds." 


^, non ^ or anv positive pipe^o-soil voltages «3 an indication 
The presence of tow negative or any powu 

West Virginia University: 

-Many companies feel that any posflve pipe-to-aoll voltage swing of less 
tn,n 10 mflltvolts is tolerable", and in the majority of cases where voltage 
swings are less than 10 millivolts .'. . negligible interference exists. 
When a suspected current source is found, attempts should be made to interrupt 
. and observe Its effect on the fcterfered structure to ascerta,n that the suspected 
source is the cause of the ebnorma. ***** «*» 
maximum posittve change of voftage occurs when source current is applied is the 
geographical location of the maximum exposure. 

electrical drainage of underground structure systems is complicated because 
or reversing editions, it would b* necessary to place reverse crrent^tchea •* 
11 connLne, in orterfo prevent current denary to the 
0 , reversals (sea D. W. Barron, Correal Control on Water 

• A^n Pmceedinas of the 0 Corrosion Short Course, wev 
Versus Galvanic Coaosmn Action, Proceedings 

Virginia University). 
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carry a larger percentage of the total generator current than before.. However, there 
are a number of reasons for not doing this; a few of these reasons are: 

1. In many instance, the generator ground is a considerable distance from the 
pipeline; 

2. interference with other underground structures in the area may be Increased; 

3. 0ver^ram8ge may not be equitable where the souroe of the stray current is a 
cathodic protection system on a foreign structure, and 

4. Where the stray current toed is variable and where there is a possibility of a 
current reversal in the bond, It Is necessary to Install some sort of electrical blocking 
valve or switch to prevent those reversals In bond current* . (Reference 1) In practice, 
the design of bonds is not a simple matter. Furthermore, stray currents tend to be 
dynamic in nature, with the direction of current reversing from time to time/ In all such 
cases, simple bonding is insufficient, and additional installation of diodes will be 
required. In some countries, the outdated practices of deliberately bonding 
neighbouring burled metallic structures to the rail return current prevail. This approach Is 
generally unsatisfactory, because a large amount of stray current enters the ground that 
cannot be controlled in complex systems (R. Rosseau. Corrosion Handbook). 

Increased attention is being paid to imparting better stray current control. For 
example, In G. A. Jacobson, Materials Performance, June 2001, stray current control In 
the context of rail transportation systems. There, it is recognized that "the drainage 
technique must only be used with extreme caution 11 . Because nearby metallic structures 
which are not protected may be endangered, possibly leading to serous corrosion, 
"control of the protection may be made by simple measurement of the electrode 
potential of the piping which at all points should be permanently below the protection 
potential. This is generally about -0.62 Vote with respect to the standard hydrogen 
electrode", i.e., -938 mV to the standard copper sulfete/copper sulfate (saturated) 
reference electrode (CSF,), Also, wherever stray current corrosion concentrates, usually 


pe^en, Oevaen to. - 

r T2» fSRB) assooWed •» Microoiolo*ca»y Indeed Corrosmn 
Mitt is comp etely stifled at pH i^.o. ov 

n as — - - ^ - ^ — 

heve an optimum temperature range (or nroadh (R- "oeseau, uu> 

There are two main bodies 0* toemurtynamic data; one * t. elecm-noftre 
mm. odrer k me co.ac.en - ft** «— ■ * 
1. - pH and potonda, pedlar mine* may boex^*^ a* 

ambiguous - corrosion does nnt WOT mere. 

Cleedy. euocee*! rtateofen and reaolution of me DC stray current interference 
P ro«emdependsontoe degree „,v^ncedenn*an^a»rve^.od«^ 
acdons .atom to mutoad, mining corral date, aspect ^ J» 
i» potonda. vadano, is in oleosa o, *« 20 mV. M « ■ «• *- 

^Jto remain * mo tom-y ran,. by aft*, catood* protean - * 
Z oracdeal means to solodon anoald be accomplisned proximate to toe. surface. 
%L* cunssd ma, da intee*. ^ -^ZZZ 

eon**.. «9h tor* 0. catenates and/or to pre-* » a !*»«> 
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^ effect catho* pn»«^n but m~>« « ^ w , ^ 

DC fluctuations often is too aiow w 
20 mV at the interface. 

m.,s„remente taken by the apparatus 10. 

,„ M rasp**, 9 bra*"' * illu8,ra,l0n °* 3 ^ 

e^n, of . **. W of the M*. » M - * 

©fleets at DC stray currant on the stiuchjra 64. A teaend for the component of the 
system are provided as foHows: 


Reference Numeral 

Description 

310 

apparatus configured for travel through conduit 72 

312 

anode compartment, containing KOH anolyte 

314 

anode 

316 

cathode compartment, containing NaOH catholyte 

31B 

cathode 

320 

cation exchange membrane 

322 

porous bipolar memhrane 

324 

high potential magnesium galvanic anode 
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328 
328 
330 


cathodicaliy polarized coated sted pipe 

corrosive electrolyte 
auto-potential controlled rectifier 


332 battefy 

334 battery charger 

336 reference electrode 

338 reference electrode 

foreign metallic structure 
The annde compartment 312 ionic*.* communicates with the cathode 
compartment 316 through the cation exchange membrane 320. 

The potenty of the reference electrodes 336, 338 switches depending on whether 
DC stray current is entering or being discharged from the pipeline 328. 

The conduit 72 can be used to conveniently locate the apparatus 310 in a 
predetermined area of forefcn current discharge or ehtry. The area of foreign am* 
discharge or entry can be first predetermined, for example, by apparatus 10 bemg 

" apparatus effects portion of the area to effe* reduction of the tendency o 

the pipeline 326 at this area. 

The curmnt Imp**** few •» »* " ** 312 
of nw cainode 318 in me cattote oompattront 31«. « «w w«m ' 

discharged. Alternatively, where the foreign do sray 


* • « nr strew current Is replaced by 

, , .snmv -aoomV and more anodic than -/uumv /. 

£L« PH value la o much mm P««^ «• " *» 

£^ dfccheroe. ana vaiuee - *> above 10PH ~ ~ 

JLdon M. M of «*lod,ca,iy P*** «—W "" Wert,W - *• ■* 

:i ta mm — * - — » — - — * t Tl! 

maintain , pH vafc. of ,0.5 up to M ^^-^^ 
should h. kMM until the target pH value of 11.5 . manned a. a P*ar«d 
^ « -oes no, e*c«d *« -f»0mV ,CSE) (to - - » 
^danger »« The problem v*h u**. «•» P** ^ 
me^ramem to co^ mmm cuneo. ou*ut adiacad » **V OC •«* 
dBctwt ara« b the dalay «. response aa compel w* me dynamo and probaHy 
mora rapid clianges of the current applied potential. 

The cnwy of stray DC current at an area of the protected metal surface cau$ea 
the .urfac pelade pofamia, 1o M m*» « dial «oc*„, no»«v«.< i. _orfy 
(wsibte to ah* M W (1R drop emor «ee> ^ ***** 
CSE, a, . N surf*, without paction to about -12COmV (CSF) or paraap a 

ia *e „mKa*n to creating a of aton* and,« « 
hydrogen enaNescing - me meta. surface and prbtnodng a senoua tea 
pl^e »*g aa well aa hydn^en emdntdantent d* to atomic hydras enby and 
combining with cons«uenVs to biwec mild steels or era* hard steels. 

A eoddnuou, net Ub. of current ««• sb»y OC 

arM ^Li* « potadzed ^ine prated «re thus redu.no or M « 
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amt te*«X«*««<*- B » p,JS ' M "" * ^^todlpulttoousdoneor 

«!. pH end coupon K— «" * - ' to PM< 

^ dopreeeed — ^ ^ * ^ ^ « 

— — ' WM ITt^^ld current output would Do 

deciding to incceese or decrease current output 

,„ . to*er ,otoodto»« to p^ ptf. eefe* tor eaampto. 
P^etine etotctore. toecceeeidle except to ptotoeeiooel d-» M 
Mmrt aM de source *une»d to »*» « ««"*° - • 
porenM to dadoed* *rou g d . sertoe o. compel « • 

Lnuou* p, P e membrene MM «W" «• eeneo- condud. The «renr te M* » 
I eonJc 0. toe eu^poto- condor eouo* eeneto, to. PO«et ^ « 
M reterenc. tectoxiee pro*** to toe outoto. cudace o. toe eepmentod or 
continuous membrane. 

,„ anod^r entoodtmerd. toe conduit 72 ran be ueed tor ™re Addend, 
^MXX fWH too^toepecdentochn^ 
s„, e^top ho***, do*** dedeie**, add conoaon. Sued NOT 
Ide toe .Loo Su~» Tecntoue (see -0— » - 
PoMcedc »m •» Din* Conn* Voddpe Gredtem™ 
Becdomesnedo Cedent Ad^udden W Adorned*, Current 
ST cLe Oder Potenddt Su.veye, (»ee D. «». K.W. Nicdd.ee, U. . 
S MM- Theory end Practice - Td. Preeent ^ Conto«« 

Jno o i r* nr r < i and B Husock, Corrosion 1961, 17, No. 8. 831 h 
Proofing*, 198?. I. CornS.... and *W-o J, 

Scannina Electro Probe Techniques (see H.N. McMurray, ^ 

Scanning cm* Techniques'. Corrosion Management, 
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• a K»h, -IfrSlluConwionS naefot Coaling 
Teedng and Saeentng-. Mateiiate ^ (tueh „ the «M 

^ 84). end ^It^ To MM. NDT o, «. 

.Maun 64 by uang condu* 72. «» W M „, 

^ c — » - ^iicr««!» - « 

*~ 64 to the danwKed radiaton. so* nwponse Mng 

charecwnstjo of the HiBOt. men «n.tvsis of toe 

etecmcat signal. radtoura.es. eleWomagne* «v«. etc.) and the enrtyete 
response Is dependent on the Wo « NOT technique used. 

,„ m teepect. another embodiment of toe present Invent prtto »< *m 
200 for e«e*g non«ve tadn, of e MM** of e «^ - 
a^eou. eteoextyde enwonment oomptfcng mean, for effect *e «•**•»• 
. red,a*n tran.m«er for MM. ^ ^ - . m~*» 
«Jn 0 a response me _ » « — * - » «""•■ 
movem^ of me receiver to effect ,M me receiver a, a predetermine 
fccrton relet** « ■» «M « eiioded to above, t. «* la are** 

having a eorf.ee .obeyed in an «„eo US eteeWyllc envaonmen,, aoch ae 
an electrolytic 30il environment. 

An erefc**™, of m system m . — I, Figure 8. The ey«ern 200 i, 
**, to me eveten, 62 '.oahefed in Figure 4, v*h *. ^^**ZZ 
,0 te tep^d v*h appareue 210. The epper*» 2,0 *»*. . 
for JLn, me M» 64. end a wefca, fe , receh*, a «Pon» ta. *. 
1*» 64 L me rediafc. The apparsme 210 funefcn. » perfon, non-de^e 
ST- 1 64. ,n «. eo^mer* me appose 2,0 re^rea a 

o, ou.% o, coeting or eoa** applied * the am.eture 64 fb 

matcauon «i m > ctnicture 64 Indications of ccahng quality or 

.efldenoiea .nctude me >^ m ran Mw „ 0 „. 
hondays. eoadng dlebondmento. or other defefc. The eppara 


, , mflans for recording and storing data 
electronic signals to recording equipment & 

I * » be understood ** ottur jo those 6KMed in * e 

embodiments. Man, ^ >«* ^™^Z, t. ft. append 
art. For definition of thft invention, reference «s to oe mao 
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